Financial penalties for readmission have been expanded beyond medical conditions to include surgical procedures. Hospitals are working to reduce readmissions; however, little is known about the reasons for surgical readmission.
R eadmission as a quality and cost-containment metric is now a major issue for hospitals, clinicians, and policy makers. Although the initial focus was on 3 medical conditions (myocardial infarction, heart failure, and pneumonia), [1] [2] [3] 
the Centers for Medicare & Medicaid
Services has since expanded its focus on readmissions to include 2 separate measures related to surgical patients: readmissions following total hip and knee arthroplasty as part of their Hospital Readmissions Reduction Program and hospital-wide readmissions (ie, includes all surgical patients), which are publicly reported. 4 Future inclusion of additional individual operations is anticipated. 5 Despite the emphasis on readmissions, studies have not comprehensively evaluated the underlying reasons and factors associated with readmissions after surgical hospitalizations using clinical data from a diverse, national sample of hospitals. Limitations of existing studies include the inability to identify a specific valid reason for readmission because of the use of data sources that lack clinical granularity. [6] [7] [8] [9] [10] [11] [12] Another gap in the extant literature is insufficient understanding of the relationship between surgical complications occurring during the index surgical admission and the causes for readmission (ie, whether the readmission is related to a complication from the index hospitalization or rather is a new issue that developed after discharge). It is also unclear whether early and late postsurgical readmissions have similar underlying reasons. Identification of the reasons and factors associated with unplanned surgical readmissions can help direct future surgical quality improvement efforts and policy decisions designed to reduce surgical readmission rates.
The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) collects clinical readmission information, including the primary reason for readmission, a data element that is not available in most other multi-institutional data sources. [12] [13] [14] Having prospectively collected information about surgical readmission, ACS NSQIP enables a more precise assessment of the causes for surgical readmission than have been previously reported. The objectives of this study were to characterize the reasons for and timing of readmissions and to examine factors associated with unplanned surgical readmissions.
Methods

Data Source and Study Population
The details of the ACS NSQIP, including sampling strategy, data abstraction procedures, variables collected, outcomes, and structure, are described elsewhere. [15] [16] [17] [18] [19] [20] [21] In 2012, ACS NSQIP included 374 adult hospitals, accounting for approximately 10% of all hospitals and 30% of operations performed in the United States. Of those hospitals, 346 were continuously enrolled for the entire study period. In brief, hospitals collect standardized and audited clinical data on patient demographics, preoperative risk factors, laboratory values, operative variables, and postoperative complications for a predefined sample of their patients. 19, 20 Trained clinical data abstractors use definitions standardized for all participating institutions. Onsite data audits are regularly performed. Patients are followed up for postoperative outcomes for 30 days after the index operation, irrespective of whether the patient is an inpatient, has been discharged to his or her home or another facility, or has been readmitted to another hospital. Patients are followed up by surgical clinical reviewers at each participating hospital who examine the medical record, query involved clinicians, and contact patients as needed to ascertain the required ACS NSQIP data elements.
Patients undergoing surgery at a continuously enrolled US ACS NSQIP hospital from January 1, 2012, to December 31, 2012, were included in this study. Six representative procedure groups based on Current Procedural Terminology (CPT) codes 22 (eTable 1 in the Supplement) were also examined: bariatric surgery, colectomy or proctectomy, hysterectomy, total hip or knee arthroplasty, ventral hernia repair, and lower extremity vascular bypass. These procedures were selected based on their clinical and policy relevance, because they are frequently used in public reporting and pay-for-performance programs. The Northwestern University institutional review board deemed this study as exempt.
Readmission Variables
The ACS NSQIP collects data on whether a readmission occurred to the same or a different facility, whether the readmission was planned or unplanned at the time of index discharge, and the primary suspected reason for the readmission. The accuracy of these variables has been examined against physician chart review. 13, 14 The data abstractors can review inpatient and outpatient charts, contact other hospitals, and contact patients directly to ascertain whether a readmission occurred. Consistent with other ACS NSQIP outcomes, readmission events were captured if they occurred within 30 days of the index procedure. A readmission event was defined as unplanned by the hospital's data abstractor if it was not part of the treatment plan at the time of the index procedure discharge per the ACS NSQIP definition. 13, 14, 23 23 The hospital's clinical data abstractor assigned the reasons for the readmission after review of the entire medical record, discussions with treating physicians and outside hospitals, and contacting the patient directly as needed. Thus, although assigned an ICD-9 diagnostic code, this was still a clinically abstracted and not administratively coded reason for hospital readmission. Prior research has validated that this assigned reason is concordant with physician case reviews. 13, 14 ICD-9 codes were grouped using the Agency for Healthcare Research and Quality Clinical Classification Software. 24, 25 The resulting categories were consolidated with the ACS NSQIP postoperative occurrence categories, resulting in a total of 18 potential reasons for readmission (eTable 2 in the Supplement). The most common reasons for unplanned readmission within 30 days of the index procedure were assessed, as well as the proportion of patients readmitted for the same preexisting inpatient complication. In addition, the top 3 reasons for early (within 7 days of discharge) unplanned readmission were compared with those for late (more than 7 days after discharge) readmission.
Hospital Characteristics
Data from the 2010 American Hospital Association Annual Survey were used to evaluate whether certain hospital characteristics were associated with unplanned readmissions. Selected hospital characteristics used in previous studies of health care quality were selected a priori for inclusion in this study [26] [27] [28] [29] [30] [31] [32] 
Statistical Analysis
Because ACS NSQIP captures readmission data within 30 days from the index procedure, we used time-to-event modeling using hierarchical Cox proportional hazards models with patients clustered within hospitals to characterize the time from discharge to readmission and to evaluate variables associated with readmissions. The time-to-event interval was measured from the date of surgery to the date of readmission. Patients were censored at 30 days from the index procedure or if they died prior to readmission. To focus on new postdischarge complications causing readmissions (ie, those not simply exacerbations of known complications), patients were excluded from the analyses of factors associated with readmission if they were readmitted for a complication that also occurred during their initial hospital stay. Candidate variables comprised clinical covariates, including the procedure (CPT codes), patient demographics, health summary status variables (eg, functional status, American Society of Anesthesiologists [ASA] class), specific comorbidities (eg, heart failure, diabetes), inpatient complications (that occurred during the index hospitalization), discharge destination, hospital characteristics, and hospital disproportionate share status. All variables were entered into the model. The proportionality assumption was confirmed graphically.
To determine the relative strength of association between each covariate and the risk of readmission, variables associated with unplanned readmission were selected into the models using a forward selection process (P < .05 as entry criterion). Although this approach offers some indication of the clinical relevance of the variables in predicting readmissions, the method is not specifically designed for this purpose. Variables selected earlier were the most significant of the remaining covariates after adjusting for any already selected covariates. The likelihood ratio test was used to compare all models with the null model. Only variables that had clinical relevance or that had been shown to have an association with readmissions in prior studies were included in the model. Index hospitalization complications, discharge destination, hospital characteristics, and hospital disproportionate share status were added into the models, even if not selected.
Using the individual variables examined in the models above, 5 categories of variables generally considered to be explanatory for readmission were assessed: patient factors, inpatient complications (except if the index hospitalization complication was the reason for the readmission), discharge destination, hospital characteristics, and hospital disproportionate share. The association between these factors (together and individually) and time to readmission was estimated in separate Cox models with robust clustered standard errors to account for hospital-level clustering. The proportion of variation in the outcome explained by these factors was estimated using the Royston R 2 method.
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Statistical significance was set at P < .05, and all tests were 2-tailed. All analyses were performed using SAS version 9.3 (SAS Institute) and Stata version 13.1MP (StataCorp).
Results
From 346 ACS NSQIP hospitals, 498 875 patients were identified, of which 18 143 underwent bariatric surgery, 35 112 colectomy or proctectomy, 33 895 ventral hernia repair, 25 119 hysterectomy, 38 671 hip or knee arthroplasty, and 6341 lower extremity vascular bypass ( Table 1 ). The median length of stay ranged from 0 days for ventral hernia repair to 6 days for colectomy or proctectomy (Table 1) . Specific patient characteristics by procedure type are detailed in eTable 3A in the Supplement. Among the 346 hospitals included in this study, 219 (63.3%) were teaching hospitals (eTable 3B in the Supplement).
Across procedure groups, planned readmissions were relatively infrequent, since the all-cause readmission rate of 6.1% closely approximated the unplanned readmission rate of 5.7%. The largest difference between rates of overall and unplanned readmission occurred in the patients undergoing lower extremity vascular bypass, for whom the planned readmission rate was 0.6%. The overall length of stay was 1 day (interquartile range, 0-4 days), and median time to readmission was 8 days (interquartile range, 3-14 days). For the individual procedures, the rate of unplanned readmission ranged from 3.8% after hysterectomy to 14.9% after lower extremity vascular bypass (Table 1) . The variation in the number of days from discharge to unplanned readmission was estimated across procedures. As a reflection of the variability in when readmissions occurred, the interquartile range of unplanned readmissions was 13 days after bariatric surgery, 11 days after ventral hernia repair, 11 days after lower extremity bypass, 13 days after hip or knee arthroplasty, 10 days after hysterectomy, and 9 days after colectomy or proctectomy. There was no particular peak in when readmissions occurred: The readmissions occurred relatively linearly over the 30-day follow-up period overall and for each of the individual operations examined (eFigure in the Supplement).
Reasons for Unplanned Readmissions
The reasons for unplanned readmissions are shown in Table 2 .
The most common reason for readmission was SSI (19.5%), ranging from 11.4% after bariatric surgery to 36.4% after lower extremity vascular bypass. The most common reason for readmission after bariatric surgery was ileus or obstruction (24.5%), and ileus or obstruction was the second most common reason for readmission overall (10.3%) and for colectomy or proctectomy, ventral hernia repair, and hysterectomy. Other common causes included dehydration or nutritional deficiency, bleeding or anemia, venous thromboembolism, and prosthesis or graft issues (after arthroplasty and lower extremity vascular bypass procedures). When examining early (within 7 days of discharge) and late (more than 7 days after discharge) unplanned readmissions separately, the top 3 reasons for readmission were similar overall (SSI, ileus or obstruction, and bleeding) and when examining each of the 6 procedure groups individually (eTable 4 in the Supplement).
When examining the percentage of patients readmitted for a complication that also occurred during their index hospitalization (ie, exacerbation of a known issue), the most common reason was bleeding (21.0% of patients readmitted for bleeding also experienced a bleeding-related event during index surgical admission), followed by pulmonary complications (6.2%) and sepsis (5.5%) ( Table 3) . Overall, however, only 2.3% of patients were readmitted for a preexisting complication (ie, reason for readmission also occurred during the index hospitalization). Among patients readmitted for SSIs (the most common reason for readmission overall), only 3.3% of these patients had experienced an SSI during their index hospitalization.
Factors Associated With Unplanned Readmission
The association of patient factors, inpatient complications, discharge destination, and hospital characteristics with unplanned readmissions was examined ( Table 4 ). Because we found that patients were rarely readmitted for the same type of complication that they had also experienced during the index surgical admission (2.3%)( Table 3 ) and most readmissions were attributable to new complications that occurred after discharge, patients readmitted for the same complication they had experienced as an inpatient were excluded from this analysis to focus on postdischarge complications and not simply exacerbations of known issues. Patient factors associated with readmission were higher ASA class, presence of ascites, disseminated cancer, bleeding disorder, renal failure, steroid use, and weight loss. Experiencing an inpatient complication (particularly bleeding, cardiac complication, sepsis, urinary tract infection, and venous thromboembolism) was associated with unplanned readmission (for a different reason). Patients discharged to a location other than home (eg, nursing facility) were also more likely to be readmitted (odds ratio [ disproportionate share was not significantly associated with unplanned postsurgical readmission. Next, the order of selection of variables into the models was assessed using forward selection as a general indicator of the strength of the association between individual variables and readmission. Factors selected earlier were the most significant when adjusting for any already selected covariates. In the overall group of all operations, the factors associated with readmissions selected earliest into the model (same model as in Table 4 ) included ASA class, index hospitalization complications, and surgical specialty ( Table 5 , eTable 5 in the Supplement). Across the individual procedures, either the specific procedure performed (based on CPT codes) or ASA class were selected earliest for the variables associated with unplanned readmission for 5 of the 6 procedures groups. For lower extremity vascular bypass procedures, discharge destination after the index hospitalization was associated with unplanned readmissions and was the first variable selected into the model. Complications during the index hospitalization were frequently selected early in the overall (second) and the individual procedures models examined (ranging from second for bariatric to tenth for lower extremity vascular bypass).
Last, the relative amount of variation in risk of readmission for categories of variables was examined. Patient factors alone accounted for most of the variation in patient-level out- comes (Royston R 2 = 0.244) ( Table 6 ). Including inpatient complications, discharge destination, hospital characteristics, and hospital disproportionate share in the model did not substantially increase the amount of variation explained (full-model Royston R 2 = 0.270). Individual models relying on inpatient complications, discharge destination, hospital characteristics, or hospital disproportionate share explained less than 10% of variation in outcomes. Table 4 , but here the order of selection is depicted.
b Variables were forced in to the risk adjustment models because they were not selected as important in the stepwise selection process. c Since forward selection was used, all models are nested and include all previous covariates listed. P < .001 for likelihood ratio test for all models compared with the null model. 
Discussion
Using clinical data prospectively collected for readmission information from 346 hospitals, we found that readmissions were associated with new postoperative complications that surfaced after discharge in the majority of cases, and 2 complications, SSI (19.5%) and obstruction or ileus (10.3%), were the most frequent reasons for both early and late readmissions. There are at least 2 main policy implications. First, because most readmissions were attributable to welldescribed postoperative complications, readmissions after surgery are mostly a proxy measure for postdischarge complications and in effect penalize hospitals twice for postoperative complications (ie, other pay-for-performance programs include postoperative complications such as SSI). Second, the majority of hospital readmissions were related to SSI and ileus. Identifying clinical interventions to reduce the occurrence of these complications to below current levels has been challenging. Thus, implementation of a policy penalizing hospitals for readmitting patients with these complications may be ineffective and even potentially counterproductive, because performance targets without accepted courses of intervention might be more prone to unintended or ineffective behaviors and consequences. Nonetheless, hospitals can use our findings when identifying targets for readmissions reduction efforts.
Prior studies examining surgical readmissions have not detailed the underlying reasons for the readmissions across a broad array of procedures using clinically abstracted data for which the data regarding the readmission reason was ascertained in a standardized fashion from the medical record, from discussions with involved clinicians, and by contacting the patient directly when needed (eTable 6 in the Supplement). The most common reasons for surgical readmissions were SSIs and obstruction or ileus complications, and the remaining reasons for readmission varied based on the individual procedure. Because surgical readmissions are predominantly related to postoperative complications, this information regarding the underlying reason for the readmission can be used by hospitals as they work to develop efforts to reduce readmissions.
Surgical site infections are the leading reason for surgical readmissions. However, it has been challenging to identify solutions resulting in reduced SSI rates. Most hospitals in the United States have high adherence rates for the Surgical Care Improvement Project (SCIP) SSI-prevention process measures; however, compliance with these process measures has not been shown to be strongly associated with reduced SSI rates. [36] [37] [38] Moreover, few other SSI best practices have been translated into valid process measures, and SSI reduction projects have shown modest, if any, improvements. 39 Thus, hospitals with high SSI rates or high readmission rates attributable to SSI may find improvement challenging. The existing high rates of SCIP compliance, coupled with our finding that SSI is the leading cause for readmission, indicates that SSI research should be a major priority for the surgical community if postsurgical readmission rates are to be reduced. Implementation of policies requiring reductions in readmissions without understanding how to effect improvement may be counterproductive. However, there may be several other opportunities to reduce readmissions based on the underlying reasons for readmissions identified in the study. First, many readmissions are attributable to expected complications (eg, dehydration from a stoma after colorectal surgery); thus, better coordination of care with the outpatient care team (eg, close monitoring of stoma output by clinic nurses) could reduce hospital readmissions. Second, minimizing fragmentation in postdischarge care may reduce readmissions: when a patient is initially evaluated at a hospital other than that at which the surgery occurred, ensuring that the physicians from the outside hospital are in communication with the clinicians who treated the patient at the index admission may be beneficial in reducing readmissions. 40 Third, there are widespread concerns regarding the quality of education and discharge instructions provided to patients, as evidenced by several existing quality indicators that measure the quality of discharge instructions and a patient experience measure focused on this topic as well. [41] [42] [43] [44] Effective patient education to set the postoperative expectations and warn about potential complications may help reduce readmission rates, but more work is needed to improve the effectiveness of the process. This education process should start preoperatively. Ensuring a postdischarge plan with clear discharge instructions and clear follow-up details may be an opportunity to reduce readmissions and improve patient experience. 45 Last, although little supporting evidence exists, conceivably, some complications resulting in readmissions could be treated in the outpatient setting rather than necessitating a readmission. For example, SSIs could be treated in an advanced outpatient clinic where wounds could be opened and debrided and peripherally inserted central catheters could even be placed to facilitate intravenous antibiotic administration. This approach would be patientcentered, because avoiding the inconvenience and nosoco- Reported R 2 is estimated using the Royston measure of explained variation in survival models. Each of the 6 models were estimated using proportional hazards Cox models for which time to event was measured as days from discharge to first readmission. Observations with no readmission within 30 days of discharge were right-censored. All models were estimated with robust clustered standard errors that account for hospital-level clustering.
mial risks of a readmission are important to patients and caregivers. An advanced clinic may also be cost-effective compared with a multiday inpatient readmission, but this should be formally tested. Focusing readmission efforts on reducing postoperative complications and optimizing management of those complications in the outpatient setting offers an opportunity to reduce hospital readmissions, even if the means of actually preventing or reducing the overall rate of some these complications (eg, SSIs) remains uncertain.
Dehydration and fluid or electrolyte abnormalities were an important readmission reason for several operations, particularly bariatric and colorectal surgery. For bariatric surgery, patients may be unable to tolerate oral intake until swelling at their anastomosis subsides, so the readmission occurs for intravenous hydration and electrolyte monitoring. For colorectal surgery, patients often experience dehydration attributable to high ostomy outputs or poor oral intake attributable to prolonged ileus. There are opportunities in which the dehydration could be monitored closely by an outpatient care team or these complications could be treated in the outpatient setting, similar to SSI, if an advanced outpatient clinic were available to deliver fluids and monitor laboratory values.
Prior evaluations of chronic medical conditions have suggested that most readmissions are unrelated to the reason for the index admission. 3 However, surgical patients undergo a discrete invasive event (ie, the operation), which results in complications clearly related to the surgery (eg, SSI), exacerbation of existing comorbidities (eg, fluid overload causing a myocardial infarction in a patient with coronary artery disease), or new organ system complications (eg, renal failure). A prior analysis of Medicare claims data suggested that approximately 70% of readmissions after hospitalizations for surgical procedures were attributable to "medical conditions." 46 However, we found that readmissions were more frequently attributable to complications directly related to the surgery. Moreover, the "medical conditions" in the study by Jencks et al were more likely complications related to the surgery (eg, myocardial infarction due to postoperative fluid overload). Thus, these conditions should not be interpreted as being unrelated to the surgery, and they do reflect potential targets for hospitals working to reduce postsurgical readmissions. Although the study by Jencks et al did attempt to understand why readmissions occurred, Jencks et al relied on administrative diagnosis related group (DRG) codes, which provide incomplete outpatient data for readmissions, to determine why readmissions occurred. In contrast, we were better able to identify why patients were readmitted because this information was specifically collected prospectively by a trained clinical data abstractor at each hospital. It is also important to note that our readmission rates are lower than those from the study by Jencks et al, and this is partly attributable to differences in the follow-up time frame for readmissions between the 2 studies (ie, 30 days from discharge for Jencks et al vs 30 days from surgery for ACS NSQIP). The difference in rates may also be attributable to differences in the types of hospitals included in our study compared with those included by Jencks et al.
Nearly all readmissions were related to complications that occurred once the patient was discharged, rather than to a failure to treat a complication identified at the index admission or a failure to appropriately coordinate postdischarge care, as evidenced by the variable timing after discharge at which readmissions occurred (ie, no distinct peak readmission day). The reason for readmission was only an exacerbation of a previously identified complication in 2.3% of patients. This differs from the underlying basis for readmissions for medical conditions, such as CHF; readmissions for CHF exacerbations are more common (35%), and the quality of postdischarge coordination of care may be a driving issue. 3 Unlike readmissions occurring after admissions for medical conditions that are often related to coordination of care transitions and social issues, 1,47 our results demonstrate that surgical readmissions are related to welldescribed complications of surgery. The timing of unplanned readmissions is also an important consideration when focusing on how to reduce readmissions. For example, if readmissions generally occur within a certain number of days after discharge, then an intervention such as an outpatient clinic visit or house call could be strategically timed to avert potential readmissions, as has been shown effective for patients with CHF. 3, 48 Jencks et al postulated that readmissions after surgery could be reduced by providing earlier medical follow-up to mitigate comorbidities and coordinate postdischarge care. However, our findings contradict this suggestion. A peak day or certain time interval by which most readmissions occurred was not evident in our analysis. Rather, readmissions appeared relatively dispersed from discharge to 30 days after surgery. Although early follow-up after hospital discharge has been associated with reduced readmission rates among patients initially hospitalized with heart failure or chronic obstructive pulmonary disease, 49 it is unlikely that early follow-up after surgical discharge on a particular day will reduce readmissions. For example, wound infections can be clinically silent on postoperative day 8 and evident on day 9, so early follow-up on day 7 would not necessarily be helpful in averting or mitigating the complications or the resulting readmission. Although some may argue that keeping patients in the hospital longer at the index admission may alleviate the potential subsequent readmissions a few days later, our data argue against this hypothesis, because readmissions occurred relatively uniformly over the postoperative period, there was no particular peak postdischarge day on which readmissions occurred, and early and late readmissions had similar underlying reasons. Thus, keeping patients in the hospital a few more days would not eliminate most readmissions after surgery.
This study has certain limitations that should be considered. First, the reason for readmission can be difficult to ascertain; however, our study is the first national comprehensive evaluation, to our knowledge, that offers examination of a clinically abstracted reason for the readmission. The clinical data abstractors at the hospital identified the reasons for readmission. The reason may be challenging to determine and may be multifactorial, but the reason coded by the abstractors has been validated against physician panel chart reviews. 13, 14 Second, although we examined all operations together, we examined only 6 operations separately, and the reasons for readmissions for these operations may not be representative of all operations. Third, this study included only ACS NSQIP participating hospitals and therefore may not be generalizable to all hospitals in the United States. Although ACS NSQIP includes a number of smaller, community hospitals, ACS NSQIP hospitals are not representative of all hospitals in the United States because of the disproportionately higher number of larger, academic centers.
It is important to note that many readmissions may be unavoidable and are actually the correct course of action for surgical patients. Many complications should be treated in the inpatient setting, and surgeons should not be deterred from readmitting patients because of concerns about quality measure performance and resulting penalties.
Conclusions
Readmissions after surgery were mostly associated with postdischarge complications related to the procedure and not with exacerbation of prior index admission complications. Early and late readmissions occurred for similar reasons, and readmissions occurred throughout the postoperative period. Understanding the underlying reasons for readmission, the timing, and the associated factors should help hospitals to undertake targeted quality improvement initiatives to reduce readmissions. However, surgical readmissions mostly reflect postdischarge complications, and readmission rates may be difficult to reduce until effective strategies are put forth to reduce common complications such as SSI. Efforts should focus on reducing complication rates overall than simply those that occur after discharge, and this will subsequently reduce readmission rates as well. Readmissions after surgery may not be an appropriate measure for pay-for-performance programs but rather better suited as measure for hospitals to track internally.
